Two new families with glomus tumours and two additions to earlier publications are presented. The pattern of inheritance is autosomal dominant. Familial glomus tumours are inherited almost exclusively via the paternal line, a finding inconsistent with autosomal dominant transmission. This can be explained by genomic imprinting. The maternally derived gene is inactivated during female oogenesis and can be ■ reactivated only during spermatogenesis. Two different loci have been assigned, one to a 5 cM region of chromosome 1 lq 13.1 and one to 11 q22.3-q23.3. Genomic imprinting has already been found for the distal locus and here we demonstrate that the proximal locus is subject to genomic imprinting too. Genomic imprinting has considerable implications for genetic counselling in families with glomus tumours. In addition to this the sex ratio among affected offspring appears to be influenced by the paternal or maternal origin of the gene of the transmitting father.
Introduction
Glomus tumours are neoplasms that arise from the paraganglionic ehemoreeeplor cells. The main locations are the glomus carolicum, glomus vagale and the glomus jugulotympanicum. Multifocal presentation is seen in 60% of afleeled individuals in a large family.' The autosomal dominant pat tern of inheritance for glomus tumours was recognized lor Ihe lirst lime in 1949 by Bartels. ' In 1975, Van Baars drew attention to the high fre paternal transmission and the lack of affected children among the offspring of affected with autosomal dominant transmission. Recently, phenomenon was attributed to genomic imprinting of the s. The maternally derived gene is inactivated during female oogenesis and can be reactivated only during spermatogenesis. Non-affected fathers who inherited the gene from their mother transmit the disorder to their offspring. 4 The underlying molecular mechanism has not yet been found. By independent linkage studies the disorder has been assigned to two separate loci on chromosome 11, one on 1 lq 13.1 between the anonymous DNA marker D 11S956 and PYGM and another locus at Uq22.3-q23.3. The pattern of inheritance of glomus tumours in linked families, proved to be consistent with genomic imprinting of the responsible Besides genomic imprinting, another influence on the occur rence of glomus tumours is a strong imbalance in the sex ratio, e.g. among 26 affected individuals 20 were males versus six females in one large family.1 At the University Hospital Nijmegen, by contrast, the total population of patients who underwent surgery or radiotherapy for a glomus tumour com prised more women than men. 
Patients and methods
A literature search was made for reports on families with glomus tumours. The following inclusion criteria were used: the presence of glomus tumours had been confirmed histo logically or radiologically; the family described was at least two generations and complete with regard to the sex of the family members; the pedigree showed clearly whether or not the father was affected and whether a non-affected father had inherited the disorder from his mother. An analysis was made o f the sex ratio of affected and nonaffected siblings in all the fully-documented pedigrees found in the literature.
Transmission via an affected father (Table 1) has been described frequently, whereas pedigrees with transmission via a non-affected parent who received the predisposition from the mother, a characteristic of genomic imprinting o f glomus tumours, have been described (Table 2) glomus tumours from their mother. M R I of the head and neck region of the three fathers showed that they were nonaffected, which supports the notion of genomic imprinting.
Together with other pedigrees from the literature two groups were constructed. Table 1 shows the number of affected and non-affected children from selected siblings with inherit ance via an affected father, or via a father who according to the pedigree had inherited the predisposition from his father (group 1). Table 2 shows the number of affected and nonaffected children for siblings with genomic imprinting (group 2). There seemed to be a trend regarding the penetrance per sex between the two groups (Fig. 5) .
The overall sex ratio (M : F = 261: 196) deviated nificantly (P = 0.0014, binominal distribution) from a 1:1 ratio; the chance for the offspring to be male was P > 0.53 (i.e. 5% level of significance in a binomial distribution with n -457). A similar observation was made about the sex ratio in the affected offspring of affected fathers (M : F -180: 137); the chance for an affected offspring to be male was P > 0.52. The proportions of offspring of fathers who inherited the trait from their father divided according to sex and clinical status (group 1) First authoi year of publication We assumed that different study methods had been applied to the families examined during the past few decades and that this would have influenced the penetrance observed in these examination. Being able to predict carriership of autosomal dominant inherited glomus tumours in the future, will increase our ability to detect glomus tumours at an earlier age. In this way the age at which glomus tumours are diagnosed in such families will decrease further, while the natural behaviour of the tumour will remain the same over the generations.
In this analysts of the sex ratio among affected and nonaffected offspring of siblings in whom the gene may or may not have been subject to genomic imprinting, we did not distinguish between the families with gene linkage to 1 lq 13.1 or to 1 Iq22.3-q23.2, because these data were only available for a few o f the families described in the literature. The sex ratio among affected and non-affected children of affected fathers (Table 1) 
